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" define " 



Thk Patent Office, 
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locafin}? {he vane proper at three points 

80 one of wliicli lies on a line defininfr the 
theoretical throat on one side of the vane 
and the other two of which lie on a line 
defining? the theoretical, throat on the 
other side of the vane, and machiningr the 

86 locating means on the vane while it is so 
located. One such line is the trailing edge 
of the blade and the other is a line on its 
*;onvex face that would be opposite the 
trailing edge of the next vane when the 

40 two vanes are correctly assembled 
together. It is preferred that the vane 
should be located by its trailiiwr edge and 
a single point on its convex face.. 

The present invention is particularly 

45 applicable when the vanes are formed as 
precision castings so that the vanes proper 
require no machining but it is also 



and forms an abutment against which the 
convex face of the vane is held by a screw 
projecting from the other side of the slot 
opposite the abutment. The screw engages 
the vane through a cap freely rota table 80 
on the screw. A pair of jaws are mounted 
on one side of the slot so that they overlie 
the leading edge of the vane and are 
adjustable to engage the leading edge 
and clamp the vane in the slot. ^ 86 

The present method is particularly 
ajiplicable to the manufacture of vanes 
which are mounted in the manner des- 
cribed in the Specification of the copend- 
ing British Patent Application No. 90 
10G30/46 (Serial No. 611,32G) by means 
of tablets at each end of the vaxieg or of 
lands on such tablets. Each tablet is a 
jjarallelogram in plan and each land, if 
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Improvements in or relating to the Manufacture of Guide Vanes 
for Axial*Flow Turbines and Compressors 



We, Adiiian Albert Lombard, a 
British Subject, of Millthorne House, 
Clitheroe. Lancashire, and Walter 
Ebwaud Dazeley, a British Subject, of 
5 Cloufjh Head, Twiston, near Clitheroe, 
Lancashire, do hereby declare the nature 
of this invention to be as follows: — 

Tliis invention relates to the manufac- 
ture of fTuide vanes for axial-flow turbines 
10 and compressors. The throat area of the 
nozzle guide vanes (that is the area 
between the trailing edge of each vane 
and the adjacent vane on its concave side) 
of an internal-combustion turbine is a 
Ifi critical area controlling the work output 
of the turbine and depends not only on 
the shape of the vanes but also on the 
anffle at which each vane is set to a radial 
plane through the turbine axis. The 
20 vanes are normally mounted in inner and 
outer rings and it is essential, therefore, 
that the means on the vanes for locating 
them in the rings should be correctly 
located on them. 
26 According to the present invention a 
method of manufacturing a guide vane 
comprises the steps of first shaping the 
vane proper to its final configuration 
locating the vane proper at three points 
80 one of which lies on a line defining the 
theoretical throat on one side of the vane 
and the other two of which lie on a line 
defining the theoretical throat on the 
other side of the vane, and machining the 
85 locating means on the vane while it is so 
located. One such line is the trailing edge 
of the blade and the other is a line on its 
convex face that would be opposite the 
trailing edge of the next vane when the 
40 two vanes are correctly assembled 
together. It is preferred that the vane 
should be located by its trailing edge and 
a single point on its convex face. 

The present invention is particularly 
46 applicable when the vanes are formed as 
precision castings so that the vanes proper 
require no machining but it is also 



applioable when the vanes are formed as 
forging^? to the final vane configuration 
or as f orgings or castings and finished by 60 
machining. It will be seen that the pre- 
sent invention ensures that the locating 
means on the vanes shall be correctly 
machined with reference to a plane 
through the two lines that define the 66 
theoretical throat between the assembled 
vanes so that when the vanes are 
assembled, the correct throat area will be 
obtained. 

The present invention also includes a 60 
Jig for locating the vane and comprising 
means whereby the vane is located along 
one edge to pivot thereabout an abutment 
to engage the convex face of the vane at 
a predetermined point and means for ^ 
holding the blade against the abutment. 

In one construction the jig comprises a 
block formed with a slot to accommodate 
the vane with its ends projecting from 
the slot. A V-shaped groove is formed in 70 
the bottom of the slot and the trailing 
edge of the vane is received in this 
groove so that the blade can pivot about 
this edge. A pin with a rounded head is 
mounted in a hole in one side of the slot T6 
and forms an abutment against which the 
convex face of the vane is held by a screw 
projecting from the other side of the slot 
opposite the abutment. The screw engages 
the vane through a cap freely rotatable 80 
on the screw. A pair of jaws are mounted 
on one side of the slot so that they overlie 
the leading edge of the vane and are 
adjustable to engage the leading edr^e 
and clamp the vane in the slot. ^ 

The present method is particularly 
applicable to the manufacture of vanes 
which are mounted in the manner des- 
cribed in the Specification of the copend- 
ing British Patent Application No 90 
10630/46 (Serial No. 61i;326) by meaM 
of tablets at each end of the vanes or of 
lands on such tablets. Each tablet is a 
parallelogram in plan and each land, if 
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provided, is parallel to tLe side of tlie 
tablets .For this purpose the sides of tlie 
block of the ji^ nuiy make the same angles 
to one another as the side and ends of 
fi the tablet at one end of the vanes with 
the slot cut at the correct angle to its 
sides. The jig can then be mounted in a 
holder or cradle with one side uppermost 
to allow of the uppermost side of on tab- 
10 let or laufl to be machined. The ji^ can 
then be remounted with another side 
up])ermost and another side of the tablet 
or land machined. The ends of the two 



tablets will usually be parallel so^ that 
the same jig can be used for maehiuinj? 15 
the ends of both tablets. The sides of one 
tablet will not be parallel to those of the 
other, so that a different jig holder or 
cradle may be, required when the sides of 
one tablet are* machined. 20 

Dated this 10th day of April, 1946. 
BOULT, WADE* fr-TETTNANT, 
111 & 112, Hatton Garden, 

London, E.C.I, 
Chartered Patent Agents. 



COMPLETE SPECIFICATION 

Improvements in or relating to the Manufacture of Guide Vanes 
for Axiaf-Flow Turbines and Compressors 



We, Adkian Albert Lusibakd, a 
British Subject, of Millthome House, 
Clitheroe, Lancashire, and Walteb 
Edwakd Dazeley, a British Subject, of 
25 Clough Head, Twiston, near Clitheroe, 
Lancashire, do hereby declare the nature 
of this invention and in what manner the 
same is to be performed, to be particu- 
larly described and ascertained in and by 
80 the following statement: — 

This invention relates to the manufac- 
ture of g-uide vanes for axial-floTf tur- 
bines and compressors. The throat area of 
the nozzle guide vanes (that is the area 
•6 between the trailing: edge of each vane 
and the adjacent vane on its concave side) 
of an internal combustion turbine is a 
critical area controlling the work output 
of the turbine and depends not only on 
40 the shape of the vanes but also on the 
angle at which each vane is set to a radial 
plane through the turbine axis. The vanes 
are normally mounted in inner and oiiter 
rings and it is essential, therefore, that 
M the nieaiiB on the vanes for locating them 
in the rings should be correctly located on 
them. . 

According to the present invention a 
repetition method of manufacturing a 
60 guide vane comprises the steps of first 
shaping the vane proper to its final con- 
figuration, supporting the vane in a jig 
which engages the vane proper at points 
or lines which in the final assembly of 
56 vanes define the theoretical throat area 
measured between adjacent vanes and 
machining the locating means on the 
vane wliile is is so supported. One such 
location niav he at points or along a nne 
60 at the trailing edge of the blade and 
another engagement is at a point or line 
on its convex^ f aee that would be opposite 
the trailing edge of the next van^ v}®^ 
the two vanes are correctly assembled 
66 together. It is preferred that the rane 
should be located by its trailing edge and 
a single point on its convex face. 



The present invention is particidarly 
applicable when the vanes are formed as 
X)recision castings so that the yanes proper 70 
require no machining but it is also appli- 
cable when the vanes are formed as f org- 
iugs to the final vane configuration or as 
forgings or castings and finished by 
machining. It will be seen that the pre- 76 
sent invention ensures that the locating 
means on the vanes shall be correctly 
machined with reference to a plane 
through the two lines that define the 
theoretical throat between the assembled 80 
vanes so that when the vanes are 
assembled, the correct throat area will be 
obtained. 

The present invention also includes a 
jig for locating the vane and comprising o5 
means whereby the vane is located along 
one edge to pivot thereabout, an abut- 
ment to engage the convex face of the 
vane at a predetermined point and means 
for holding the blade against the abut- w 
ment. 

A practical application of this inven- 
tion will now be described, by way of 
example, with reference to the accom- 
panying drawings whereof : — . 

Figure 1 is a side view of a nozzle guide 
vane which is manufactured in accord- 
ance with the present invention.; 

Figure 2 is a view in the direction of 
arrow 2 of Figure 1 ; , 100 

Figure 3 is a diagrammatic deyelo]>- 
ment view showing the relative disposi- 
tion of the vanes when mounted in posi- 
tion in the turbine; 

Figure 4 is an end view of a jig for 106 
locating the vane of Figures 1 and 2 
whilst it is being machined and also of a 
support for the jig; 

Figures 5 and B are views of the jirr as 
seen respectively in the direction of 116 
arrows 5 and i> of Figure 4; and 

Figure 7 is. a part view of a milling 
machine with the jig of Figure 4 
mounted thereon. 
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Tlie present method is particularly 
aiiplieable to the manufa<;ture of vaiies 
as shown in Figures 1 and 2 which com- 
prise a vane portion proper — generally 

6 indicated at 1(> — and a pair of tablets 11 
and 12. The vane is of aerofoil section 
(Fig-ure 2) and is formed witli a straight 
leading: edge 13 and straight trailing 
edffe 14. Each tablet 11 and 12 is a 

10 parallelogram in plan and has its front 
and rear edges ll^r, 12a and 116, 12h in 
line with one another whilst the front 
edges are parallel with the rear edges. 
The guide vanes are mounted in the 

16 manner described in the Specification to 
Application 10630 (Serial No. 611,326) 
the tablets 11 and 12 beiuff IcMiated in 
inner and outer rings so that part 10 lies 
generally radially of tlie rings and 

20 between them. When so mounted, a 
development view showing the parts 10 of 
adjacent vanes in section is as in Figure 
3.' 

The throat area of the guide vanes is 

26 determined by the distance .r between the 
trailing- edge 14 of each vane and the 
nearest point 15 to the trailing edge on 
the convex side 16 of the next adjacent 
vane. This area decides the TV^ork output 

80 of the turbine so that the distance .r 
requires to be accurate — ^this, in turn, 
will be determined by the degree of 
accuracy with which the tablets 11 and 
12 are mounted in the rings referred to. 

35 Finally, the method of machining the 
faces of the tablets which locate them in 
position in the rings will decide the dis- 
tance This invention is directed to 
machining the tablets whilst the vanes 
are located by those parts of it which 
define the distance .r — and hence the 
throat area. The parts are the trailing 
edge 14 and the point 15 at a certain 
determined position along the length of 

46 the vane (Figure 1). 

To effect the location referred to the 
vane is mounted for machining in the jig 
of Figures 4 to 6. Turning to these 
figures: the jig comprises a block 17 

60 formed with an opening 18 to accomo- 
date the vane with its tablets 11 and 12 
projecting from the opening. A V-shaped 
groove 19 is formed at the bottom of 
opening 18 and trailing edge 14 of the 

65 vane is received in this groove so that the 
blade is free to pivot about this edge. A 
pin 20 with a roiinded head is mounted 
part-way up one side of opening 18. The 
pin forms an abutment against which the 

60 convex face 16 of the vane is held by a 
screw 21. The screw 21 engages the vane 
by a rap 22 freely rotatable on the screw. 

The points of engagement of pin 20 
and cap 22 chord wise of the vane are 

66 determined by their location above 



groove 19. To determine their engage- 
ment lengthwise of the vane, the block 
carries at each side a stop 23 which is 
adjusted to engage the inner faces of the 
tablets 11 and 12 and positively locate 70 
the vane lengthwise of tb^ jig. It is 
arranged that pin 20 engages face IG at 
point 15. 

The axes of pins 20 and 22 are rela- 
tively displaced in a manner which 76 
causes the edge 14 to bear against one 
side of groove 19 when screw 21 is 
tightened. 

A pair of jaws 24 are carried on one 
side of opening 18 so that they overlie 
the ieadin^y edge 13 of the vane and are 
adjustable by nuts 25 to engage the edge 
and clamp the vane against groove 19 
within Oldening 18. The sxirfaces of the 
block 17 shown in the drawing make the 86 
same angles to one another as the edges 
of tablet 11. 

^Vlien a vane, with part 10 in its 
iinLihed state, is mounted in the jiff the 
top and bottom surfaces 26, 27 repec- 90 
tively are parallel to the fx^ont and rear 
edges 11^7, 11 & of tablet 11 (Figure 4): 
these surfaces are, therefore, also parallel 
to the front and rear edges 12a, 12& of 
tablet 12. 96 

Furthermore, the side edges of tablet 
11 are parallel to surfaces 28 of block 17 
but, of course, not to the corresponding 
side edges of table 12. 

The jiff is carried by a base 29 which 100 
is, in turn, mounted on the table 30 of, 
say a horizontal milling machine 31 
(Figure 7). When the table 30 moves past 
the cutter 32, edge ll/i of tablet 11 is 
machined. The jig is mounted in base 29 105 
with surfaces 26, 27 horizontal so that 
the machined edge 11a will be horizontal. 

It is preferred to have a pair of spaced 
cutters 32 simultaneously to machine 
edges 11a and 12a of tablets 11 and 12. 110 

When so machined the jig is remounted 
on base 29 with edges 116 and 12h upper- 
most and these are similarly machined. 
Then the base 29 is changed for a new 
base (not shown) and the jifi- is laid with 115 
its side surfaces on this new base so that 
the side edges of tablet 11 may be simi- 
larly machined. Thus, the vane is located 
in the jig by edge 14 and point 15 and 
then has one tablet (11) completely 120 
machined and the front and rear edges 
of the other tablet (12) machined without 
removal of the vane from the jig. 

The vane is then mounted is a simi- 
larly constructed jig so arranged, how- 125 
ever, that the side edges of tablet 12 are 
parallel with the side surfaces 28 of 
block 37 — ^these edges are then machined. 

As shown in Figure 4, the base 29 is 
arranged to accommodate, at the samo 130 
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time, two jigs. In this way tlie ed^es of 
litf, i2a of one vane may be machined 
simultaneously with edg:es 126 of 

auother vane, the vanes beiiifj mounted 
5 side by side in the pair of jif^a. 

Havino: now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to be 
performed, we declare that what we claim 
10 15: — 

1. A repetition method, of manufactur- 
ing a guide vane comprising the steps of 
first shaping the vane proper to its final 
configuration, supporting the vane in a 

15 jig which engages the vane proper at 
points or lines which in the final assembly 
of vanes the theoretical throat area 
measured between adjacent vanes and 
machining the locating means on the 

20 vane while it is so supported. 

2. A rei.)etition mettod^ of manufactur- 
ing a guide vane according to claim 1 
wherein one such jig engagement is at 
points or along a line at the trailing edge 

25 of the blade and another engagement is 
at a point or line on its convex face that 
would be o])posite the trailing edge of the 
next vane when the two vanes are cor- 
rectly assembled together. 

3. A repetition method of manufactur- 
ing a guide vane according to claim 2 in 
which the vane is located by its trailing 
edge and a single point on its convex 
face. 

4. A repetition method of manufactur- 
ing a guide vane wherein locating nieans 
at each end of the vane proper is simul- 



80 
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taneuusly machined in accordance with 
any preceding claim. 

5. Apparatus for carrying out the 40 
rej)etition method of manufacturing a 
guide vane according to any preceding 
claim comprising a jig for locatinrr the 
vane and having means whereby the vane 
is located along one edge to pivot there- 45 
alwmt, an abutment to engage the con- 
vex face of the vane at a predetermined 
point and means for holding the blade 
against the abutment. 

G. Apparatus as claimed in claim 5 50 
comprising a V-shaped groove to be 
en.ea;4ed by the trailing edge of the blade 
and a pin to be engaged by the., convex 
face of the blade. 

7. Apparatus as claimed in claim 6 
wherein means are provided to engage the 
leading edge of the blade and clamp the 
latter in the jiff and against the groove 
and pin. 

8. Apparatus as claimed in claim 7 M 
wherein a screw is provided to engage the 
concave side of the vane and maintain it 
against the i>in. 

9. A repetition method of manufactur- 
ing a guide vane according to claim 1 W 
siibstantially as hereinbefore described 
with reference to the accompanying 
drawings. 

Dated this 4th day of Pebniarv, 1947. 
BOITLT, WADE & TE]!QIQ"ANT, 
111 & 112, Hatton Garden, 

London E.C.I, 
Chartered Patent Agents. 
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